Introduction {#sec0001}
============

The common carotid artery (CCA) typically divides into the internal carotid artery (ICA) and external carotid artery (ECA) at the C3--4 vertebral level [@bib0001]. A nonbranching CCA is a rare anatomical variation, in which the major branch of the proximal ECA directly arises from the common trunk without forming a carotid bifurcation [@bib0001],[@bib0002]. However, its etiology remains unclear [@bib0001]. A congenital anastomosis between the ECA and ICA forming an arterial ring at the cervical ICA level is exceedingly rare and seems to be a nonbranching CCA variant [@bib0003]. I herein report a case of an anomalous artery directly connecting the ECA and ICA at the level of the C2--3 intervertebral space with hypoplastic proximal cervical ICA diagnosed by computed tomography angiography (CTA). In addition, the embryological mechanism underlying the development of this rare vascular variation is discussed.

Case report {#sec0002}
===========

A 67-year-old male patient was admitted to our emergency department with a 4-hour history of dysarthria and right-sided hemiparesis. CTA was performed to determine the presence or absence of large artery occlusion at admission. Carotid bifurcation and the carotid bulb were observed bilaterally at the C4 vertebral body level. The proximal cervical segment of the left ICA was small in caliber and the main trunk of the ECA was relatively large. An anomalous anastomosis between the ICA and ECA was observed at the level of the C2--3 intervertebral space, forming an arterial ring at the proximal cervical ICA; the left occipital artery originated from this anomalous connecting artery ([Figs. 1](#fig0001){ref-type="fig"} and [2](#fig0002){ref-type="fig"}). The ICA distal to the anomalous anastomosis was normal in caliber and ascended into the carotid canal to become the petrosal segment of the ICA. The intracranial course of the bilateral ICA and the vertebrobasilar system were typical in appearance. The CTA source images revealed a normal bilateral carotid canal. There was neither evidence of a persistent stapedial artery nor enlargement of the inferior tympanic canaliculus. However, 1 hour later, diffusion-weighted imaging and the corresponding apparent diffusion coefficient map revealed restricted diffusion in the left thalamus ([Fig. 3](#fig0003){ref-type="fig"}). Magnetic resonance angiography also demonstrated an anomalous ECA-ICA connection with a hypoplastic proximal cervical ICA ([Fig. 4](#fig0004){ref-type="fig"}).Fig. 1CT angiography images. Three-dimensional volume-rendered CT angiography of the neck revealed an anomalous external carotid artery-internal carotid artery anastomosis (white arrow) at the level of the C2--3 intervertebral space. The occipital artery (white arrowhead) originated from the anomalous anastomosis. APA, ascending pharyngeal artery; FA, facial artery; LA, lingual artery; STA, superior thyroid artery.Fig 1Fig. 2Axial CT images. (A) Axial CT demonstrated left carotid bifurcation at the level of the C4 vertebra. The main trunk of the ECA (red arrow) and proximal cervical segment of the ICA (blue arrow) can be seen just distal to the bifurcation. (B) The main trunk of the ECA (red arrow) and the small size of the proximal cervical segment of the ICA (blue arrow) at the level of the C3--4 intervertebral space. (C) The anomalous anastomosis (white arrows) connecting to the ECA (red arrow) and ICA (blue arrow) at the level of the C2--3 intervertebral space. (D) The left occipital artery (white arrowhead) originating from the anomalous anastomosis (white arrows) at the level of the C2 vertebra.Fig 2Fig. 3Axial diffusion-weighted image (A) and the corresponding apparent diffusion coefficient map (B) showed restricted water diffusion in the left thalamus (red arrowheads).Fig 3Fig. 4Time-of-flight magnetic resonance angiography of the neck revealed the anomalous anastomosis (white arrow) between the ECA (red arrow) and ICA (blue arrow). The occipital artery is shown (white arrowhead) arising from the anomalous connection.Fig 4

Discussion {#sec0003}
==========

Embryologically, the ICA develops from the third aortic arch and the dorsal aortic roots cranial to the third aortic arch during early gestation [@bib0004],[@bib0005]. In contrast, the ECA develops from 2 connected arteries [@bib0004],[@bib0006]. The ventral aortic roots cranial to the third aortic arch become the ventral pharyngeal artery and the ventral second aortic arch finally regresses [@bib0005]. The dorsal second aortic arch becomes the hyoid artery. The stapedial artery, the main branch of the hyoid artery, connects the ventral pharyngeal artery and separates from the hyoid artery at the 24 mm embryonic stage [@bib0005],[@bib0007]. The typical ECA then derives from the combination of the ventral pharyngeal artery and stapedial artery [@bib0005].

Nonbranching CCA is a rare congenital anatomical variation of the cervical carotid artery [@bib0001],[@bib0002]. Both nonbranching CCA and anomalous ECA-ICA anastomosis forming an arterial ring seem to be similar developmental variations [@bib0001],[@bib0003]. Two hypotheses have been proposed to explain the causes of a nonbranching CCA [@bib0002],[@bib0004]. I assumed that a similar hypothesis could be applied in the present case.

The first theory explaining the formation of a nonbranching CCA is agenesis of the main trunk of the ECA [@bib0003],[@bib0004]. In this situation, the persistence of the hyoid-stapedial artery system would be the main supply of the ECA territory [@bib0003]. In the present case, however, this hypothesis was not applicable because the main trunk of the ECA was large; the main branches, such as the facial and lingual arteries, arose from the typical location, whereas the proximal cervical ICA was small. In addition, there was no persistent stapedial artery on the CTA source images.

The second hypothesis is agenesis of the proximal segment of the ICA [@bib0006]. In some cases, an arterial stump in the proximal cervical ICA has been observed, which would support this second hypothesis [@bib0001],[@bib0006], [@bib0007], [@bib0008]\]. Kim et al. reported 2 cases of anomalous ECA-ICA anastomosis with proximal ICA remnants or hypogenesis, and suggested that a nonbranching CCA results from the agenesis or hypogenesis of the proximal ICA with normal development of the main ECA trunk [@bib0001]. Like the report by Kim et al., in the present case, the proximal cervical ICA had a small diameter and the main trunk of the ECA was relatively large, thus supporting the hypothesis of agenesis of the proximal cervical ICA. The anomaly in this case is considered to result from hypogenesis of the proximal cervical segment of the ICA. If the small proximal ICA was either occluded or did not form during the gestational period, this anomaly may have the same characteristics as a nonbranching CCA. Therefore, this anatomical variation of an anomalous ECA-ICA anastomosis forming an arterial ring seems to be a nonbranching CCA variant. In addition, this anatomical variation at the proximal cervical segment can be thought of as an intermediate step between normal carotid bifurcation and nonbranching CCA development.

When abnormal regression of the third aortic arch occurs, the distal ICA is constructed via a variable anatomical network as a collateral pathway [@bib0003],[@bib0009]. Abnormal regression of the third aortic arch might result in the persistence of the hyoid artery and could produce high bifurcation of the carotid artery in a nonbranching CCA [@bib0010]. The tortuosity of the nonbranching CCA at the level of the C1 vertebra suggests that the primitive ECA and ICA are connected [@bib0002],[@bib0004]. However, the present case exhibited carotid bifurcation at the C3--4 vertebral level and anomalous anastomosis between the ICA and ECA at the level of the C2--3 intervertebral space. Therefore, it can be assumed that in this case there existed a pathway other than the collateral through the second aortic arch.

The occipital artery typically arises from the posterior aspect of the proximal ECA and courses posteriorly [@bib0011]. Lasjaunias et al. suggested that the occipital artery forms from the proatlantal artery; can arise from the primitive ICA, ECA, and vertebral artery; and may be determined by the sites of regression [@bib0012]. In early gestation, the proatlantal artery anastomoses with primitive arteries, and the anastomotic vessel between the primitive ICA and proatlantal artery generally regresses, resulting in the formation of a typical occipital artery of ECA origin [@bib0011],[@bib0012]. Persistence of anastomotic vessels between the proatlantal artery and the primitive ICA, and regression of the anatomical connections between the proatlantal artery and the primitive ECA, can result in the formation of an occipital artery of ICA origin [@bib0011],[@bib0012]. In a similar manner, when there is a persistent anatomical connection between the proatlantal artery and the primitive ICA, and the proximal segment of the proatlantal artery from the primitive ECA does not regress, the occipital artery can arise from the anomalous anastomosis between the proximal ICA and ECA ([Fig. 5](#fig0005){ref-type="fig"}). In the present case, the left occipital artery, which is typically derived from the proatlantal artery as a branch of the ventral pharyngeal artery, originated from the anomalous connecting artery between the ECA and ICA. Sasaki et al. suggested that a nonbranching CCA is formed by agenesis of the proximal part of the cervical ICA using the proatlantal artery or hypoglossal artery as a collateral pathway [@bib0007]. Kim et al. also reported an anatomical variation with an anomalous anastomosis at the C2--3 spinal level, and the occipital artery originating from this anomalous vessel, as detected by catheter angiography [@bib0001]. However, there was no abnormality in any of the derivative arteries of the hyoid-stapedial artery system from the second aortic arch, such as the middle meningeal or caroticotympanic arteries. Thus, regarding embryological development, it is plausible that the present anomalous artery may be derived from the proatlantal artery, which is normally derived from the occipital artery. In this case, the proximal occipital artery likely plays an important role in forming an arterial ring at the proximal cervical ICA.Fig. 5Schematic illustration of the speculated embryogenesis of the present case in a lateral projection (modified from Uchino et al. [@bib0011]). (A) Normal development of a typical occipital artery (OA). Dotted lines are regressed arteries. (B) OA arising from the internal carotid artery (ICA). (C) Present case. The anomalous anastomosis between the external carotid artery (ECA) and ICA, and the OA originating from the anomalous anastomosis.Fig 5

The ICA reconstructed via the second aortic arch is known as an aberrant ICA. It is generally thought that an aberrant ICA is formed from the anastomosis between the inferior tympanic artery and caroticotympanic artery, a hyoid artery remnant that is derived from the second aortic arch [@bib0007]. However, the anomalous anastomosis in the present case exhibited no aberrant course of the ICA or enlarged inferior tympanic canaliculus. The anatomical variation in this study differs from acquired carotid dissection, fenestration, or duplication because the 2 different arteries form an arterial ring with the anomalous ECA-ICA anastomosis.

Conclusion {#sec0004}
==========

This report describes an extremely rare case of anomalous ECA-ICA anastomosis forming an arterial ring at the cervical segment, with the occipital artery originating from this anomalous connection, as visualized by CTA. This case provides evidence for one of the possible etiologies of the formation of a nonbranching CCA, and may indicate some embryological mechanisms underlying the formation of the carotid arteries. Clinically, this case also indicates that careful review of angiography findings is important to identify such rare arterial variations at the carotid bifurcation level to avoid complications during either head and neck surgeries or endovascular procedures.

Author contribution {#sec0005}
===================

Byung Hoon Lee; design of the study, patient enrollment, data acquisition, data analysis/interpretation, and manuscript preparation.

Funding: There was no funding support for the research.

Declaration of Competing Interest: The author declare that they have no conflict of interest.

This study has got an ethical review exemption from the Institutional Review Board of author's institution, which waived the requirement for written informed consent from the participant. All radiologic images are entirely anonymized.
